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ABSTRACT:

INTRODUCTION

Acoustical environment tests were performed on three SII Chilldown Inverters as
part of their qualification testing. The tests were performed in the High
Intensity Noise Facility of the Douglas Dynamics and Acoustics Laborstory,
Santa Moniea, Celifornia. Test specimen 1 was tested August 18, 1967;
specimens 2 and 3 were tested September 1, 1967.

PURPOSE

The purpose of the tests was to determine the ability of the test specimens
to withstand an acoustical enviromment which simlated the conditions to be
encountered during flight.

The purposes of this technical memorandum are to describe a T Te
acoustical portions of the tests and to transmit the acoug y a8 SR lned
from the tests. g
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EQUIPMENT

Test Specimens

The test specimens were three electronic Chilldown Inverters, NAA (North
American Aviation) P/N ME-L95-0006-000L, test plan item P-66, manufactured
by Gulton Industries for NAA. The specimens were identified as follows:

Specimen S/N
i 15840

2 15481
15482

Each test specimen was mounted, in turn, on a backup structure which was
attached to & rigid vibration test fixture, P/N Z-1A96648-505. Weight of
the fixture was 282 pounds. This test assembly dynamically simulated the
vehicle installetion. A photograph of the specimen 1 test assembly is
presented on page Bl,

Test Equipment

Testing of all specimens was accomplished in the 1000-cubic-foot reverbera-
tion chamber of the Dynamics and Acoustics Laboratory.

The acoustic equipment and instrumentation used for testing specimen 1 are
listed on pages Al through Ak; the items used for testing specimens 2 and 3
are listed on peges A5 through A8.

The facility control room instrumentation-rack configuration during testing
are shown in the photagxaphs on pages B9 and B10. The prime (Elec. System:)
laboratory test equipmént (not 1isted in this TM) is depicted on psge Bil,
which shows items used for specimen 1.

PROCEDURE

Test Specimen 1

The test assembly was suspended in the approximate center of the chamber
with bungee cord. The backup-structure panel was orilented nearly parallel
with the longitudinal axis of the noise source horn, with no major plane of
the speecimen, structure, or fixture parallel to any chamber surface. The
natural frequency of the suspension system was determined to be 2 cps,
which was within the TCD maximum requirement of 5 cps. Frequency was deter-
mined by pulling the test assembly downward from the equilibrium position,
releasing 1t, and counting the resulting oscillations per second.




TM=-DSVLB-ENV-RE065-2
Page 3 of 5

Test Specimen 1 (continued)

Six accelerometers were mounted adjacent to the specimen corners, with
vehicle axis orientation as follows:

Accelerometer Measuring Axis

Radial
Radial
Radial
Radial
Thrust
Tangential

oW = Ww N

Accelerometers LU, 5, and 6 were mounted on a single tri-axial block. The
exact accelerometer locations were as shown in the photograph on page B2.

Three condenser microphones were suspended so that each was at leest 18
inches from the test assembly surfaces. Microphone no. 1 was positioned
opposite the specimen, which position was "upstream" with respect to the
horn opening. Microphone no. 2 was positioned opposite a dummy box,
located "downstream" from the specimen. Microphone no. 3 was placed above
the backup structure's "upstream" sector. Exact locations are shown on

- pages B3 and Bl.

Microphone and accelerometer systems were calibrated - after the test
specimen was replaced with a dummy specimen, to permit chamber environ-
ment equalization runs. Calibrations were recorded on magnetic tape while
control-room reference meters and a strip-chart recorder was being adjusted.

The High-Intensity Sound System (HISS) was then fully activated, and an
equalization run }No. E-1) was performed. This run exposed the test
assembly to & 6-1/2 minute random noise environment with a nominal overall
sound~pressure level (OASPL) of 155 db. Another equalization run (E-2)
was performed, in which the OASPL was a nominal 160 db for 4-1/2 minutes.
Only strip-chart recordings were made during these runs.

Following equalization, test specimen 1 was mounted, and the 18 minute

160 db environmental test was initiated. Data were tape recorded for the
first 5 end the last 3 minutes of this run. Microphone outputs were
analyzed and recorded on strip charts during the first and last 6 minute
segments of the test, which ran to completion. Upon completion of the
specimen 1 test, since neither specimen 2 or 3 were avsilable for immediate
testing, the test assembly was removed from the chamber.
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Test Specimen 2

Orientations of the specimen 2 test assembly and microphone system were
equivalent to those of the specimen 1 test, as the photograph on page Bl2
indicates. However, a seventh accelerometer, providing a radial-axis
measurement, was added in the location shown on page Bl3. An "upstresm"
view of accelerometer locations is provided on page Blh,

After calibrestions, s dunmy specimen was substituted for specimen 2, and
an equalization run (E-3) was performed. The run exposed the test
assembly to a nominal 160 db OASPL for 4-1/2 minutes. Strip-chart and
magnetic-tape recordings were made. Specimen 2 was then mounted, and the
18 minute, 160 db test run was performed.

Test Specimen 3

After completion of specimen 2 testing, the third specimen was installed,
and the test run was perfoimed. The test configuration asnd conditions
vere equivalent to those for specimen 2. An equalization run was not
required, however. Microphone and accelerometer locations for specimen 2
are shown on pages B15 through B1lT.

During the testing of each specimen, operating parameters of the specimen
were monitored and recorded by prime (Elec. Systems ) laboratory personnel
located in the area immediately adjacent to the chamber. All specimen
handling, connections, and disposition were performed by these personnel.

RESULTS AND DISCUSSION

The backup structure was damaged during the acousticel testing of specimen
1. Pages BS5 through B identify the specific damage areas. The structure
had been used on several other line items involving vibration, shock, and
acoustics tests prior to the tests of specimens 2 and 3. The structure
was repaired and caused no further delays in the performsnce of subsequent
tests.

The acoustical environment for each test is tsbulated as SPL per 1/3 octave

on pages AlL2 through Al7. Tabular data were derived from the strip chsrts

recorded during the testing, typified by the charts on pages A9 through All.
These three charts were obtain during the first 6 minutes of the specimen 1

test run.

Graphic comparisons of the provided enviromments versus the specification

tolerances are presented on pages Al8, Al9, and A20 for specimens 1, 2, and

3, respectively. In general, any varistions beyond the tolerances are
attributeble to the fundamental operating limits of the HISS, and were not
operator-correctible.
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Accelerometer response signals during the acoustical testing are presented
as plots of Power Spectral Density versus Frequency on the following pages:

Specimen Page Numbers
A21 through A26
i A27 through A32
1 A33 through A38
2 A39 through A4S

AL6 through A52

ATTACHMENTS

Pages Al through A52
Pages Bl through B17

Remarks

1st minute

5th minute (Accelerometers 1 & 2
fell off; data invalid)

Final minute (eccelerometers
still oft)
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MISSILE 8 SPACE SYSIEMS DIVISION

5 7 DUYGLAS AIACRAF] O, INC. QUA L'F‘CA'HOM @QUAL TEST

SANTA MONICA, CALIFORNIA STATEMENT D FORMAL QuUAL
TEST PLAN AND DAC 56625
PROGRAM  soturn S-IVB ITEM NUMBER  P-66
TEST PLAN LINE PART NO. North American Aviation
ITEM TITLE S=I1 CHILLDOWN INVERTER ME L95-0006-000k

REVA
TECHNICAL MEMORANDUM TM DSV-L4B-EE-R6065, -1, -2, -3, -4
NUMBER(S) .

ENGINEERING RESOLUTIONS N% - {0 9
AND CONCLUSIONS

Three (3) S-II Chilldown Inverters, North American Aviation P/N ME 495-0006-000k ,
were subjected to Qualification testing in accordance with McDonnell Douglas Test
Procedure Drawing 1T24579, Revision A.

A failure occured on Specimen #1, S/N 15840, which caused reduced voltage and dis-

torted waveform on two output phases of the inverter during the acoustical noise
test. (Reference FARR A26L4511).

The failure was isolated to the Westinghouse transistor EM 710438 H-1, used in

the Q-T Phase A Driver Package by Engineered Magnetics, where noise spikes were
observed between 50 and 100 Hz at 10 g's. The transistor was shipped to Westing-
house on September 1, 1967, for analysis but no failure was corroborsted. The
transistor was returned to Engineered Magnetics with half of the case cut away and
the emitter-to-collector shorted. No cross sectional microscopic examination of
the emitter terminal and lead was accomplished. (Reference Gulton Industries Report
#FA 1887, dated 25 August, 1967).

The transistor was subsequently returned to Westinghouse in November of 1968 for
further tests including horizontal sectioning of the emitter and base terminals.
Again, no anomaly was discovered.

(Continued on Page 2)

{USE CONTINUATION SHEET AS NECESSARY )

STATEMENT OF

QUALIFICATION

Based on the Qualification tests results presented in attached report and the
conclusions stated above, it is the conclusion of the McDonnell Douglas
Astronautics Company that the S-II Chilldown Inverter, North American Aviation
P/N ME L495-0006-0004 is not qualified for use on the Saturn S-IVB Vehicles.
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QUALIFICATION STATEMENT
TEST PLAN AND ITEM NUMBER
P-66

ENGINEERINC RESOLUTIONS
AND CONCLUSIONS (continued)

The Gulton Industries Report #FA 1887 is to be revised to include the latest
analysis on the failed transistor by Westinghouse and its affect on the cause
and corrective action sections.

Another Q-7 package was installed in the Specimen #1 and the acoustical noise
test was repeated with no further anomalies. The inverters must therefore be
considered to have completed the defined Qualification tests.

In addition, the Contractor has reviewed the use of the S-II Chilldown Inverter
on the S~IVB stages and has determined two sreas of concern (Reference MDAC-WD
Letter A3-250-KDLD-L-3450, dated August 28, 1968). Until further analysis and
tests have proven that the unit is capsble of starting the LOX Chilldown Pump
under worst case conditions, and until the inverter's compatibility with the
S-IVB is proven operationally, the inverter must be considered unqualified for
use on an S~-IVB stage.

Since MSFC Change Order 1997 has cancelled the S-IVB static firing test with
the SII inverters installed, it is assumed that customer agreement with the
above premise has been secured.



